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LIGHTING DEVICE AND LIGHTING 
SYSTEM 

TECHNICAL FIELD 

The present invention relates to lighting devices and light 
ing Systems. 

BACKGROUND ART 

Conventionally, various lighting devices have been pro 
posed for various purposes. As the light Source in lighting 
devices, while fluorescent lamps are common, in recent years, 
LEDs are also increasingly used. Also as to the control of 
lighting devices, various proposals have been made. For 
example, according to one proposal, in a lighting system, 
based on various kinds of detected information on the ambi 
ent environment of lighting appliances, a plurality of lighting 
appliances are controlled to achieve lighting control more 
Suitable to the ambient environment of the lighting appli 
ances; moreover, increased flexibility in System design is 
achieved (Patent Document 1). According to another pro 
posal, control based on a human detection sensor is achieved 
(Patent Document 2). 

LIST OF CITATIONS 

Patent Literature 

Patent Document 1: Japanese Patent Application Publication 
No. 2009-205841 

Patent Document 2: Japanese Patent Application Publication 
No. 2009-266424 

SUMMARY OF THE INVENTION 

Technical Problem 

However, as to the control of lighting devices, there are 
many problems that deserve further study. 

In view of the above, the present invention aims to provide 
a lighting device and a lighting system that allow useful 
control. 

Problem to be Solved by the Invention 

A lighting device disclosed in the present description is so 
configured as to include: a light emission portion; a reception 
portion for receiving information from an adjacent lighting 
device; and a control portion for making the light emission 
portion emit light according to the information received by 
the reception portion (a first configuration). 

Preferably, the lighting device according to the first con 
figuration described above is so configured as to further 
include a commanding portion for commanding forwarding 
of the information received by the reception portion to 
another adjacent lighting device (a second configuration). 

Preferably, the lighting device according to the first con 
figuration described above is so configured as to further 
include a first reception portion that can receive a first control 
signal from a portable external remote control unit, that the 
reception portion serves as a second reception portion that can 
receive a second control signal from the adjacent lighting 
device, and that the control portion controls the light emission 
portion based on signals received by the first and second 
reception portions (a third configuration). 
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2 
Preferably, the lighting device according to the third con 

figuration described above is so configured as to further 
include a commanding portion that, when the first control 
signal is a signal for turning off the light emission portion, 
commands forwarding of as the second control signal, a 
signal for turning off the adjacent lighting device to the adja 
cent lighting device and, when the first control signal is a 
signal for turning on the light emission portion, commands 
forwarding of as the second control signal, a signal for turn 
ing on the adjacent lighting device to the adjacent lighting 
device (a fourth configuration). 

Preferably, the lighting device according to the third con 
figuration described above is so configured that, when the first 
control signal is a signal for turning on the light emission 
portion, forwarding of, as the second control signal, a signal 
for turning off the adjacent lighting device to the adjacent 
lighting device is commanded (a fifth configuration). 
A lighting device disclosed in the present description is so 

configured as to include: a light emission portion; a human 
detection sensor; a control signal reception portion for receiv 
ing a control signal; and a control portion for controlling the 
lighting state of the light emission portion based on the con 
trol signal received by the control signal reception portion and 
the human detection state of the human detection sensor (a 
sixth configuration). 

Preferably, the lighting device according to the sixth con 
figuration described above is so configured that the control 
signal is contained in the illumination light of an external 
lighting device, and that the control portion controls the light 
emission portion to forward the control signal to the external 
lighting device (a seventh configuration). 

Preferably, the lighting device according to the sixth con 
figuration described above is so configured that the control 
signal is transferred from the external lighting device by 
power line communication (an eighth configuration). 

Preferably, the lighting device according to the seventh 
configuration described above is so configured that the con 
trol signal reception portion receives information from an 
adjacent lighting device, and that, while no human detection 
by the human detection sensor is present, when the reception 
portion receives information indicating that the adjacent 
lighting device has been turned on, the control portion makes 
the light emission portion emit light with light weaker than in 
a normally on state (a ninth configuration). 

Preferably, the lighting device according to the sixth con 
figuration described above is so configured that, while the 
light emission portion is emitting light, when human detec 
tion by the human detection sensor ceases to be present, if the 
reception portion has received information indicating that the 
adjacent lighting device is on, the control portion makes the 
light emission portion continue light emission (a tenth con 
figuration). 

Preferably, the lighting device according to the sixth con 
figuration described above is so configured that, until the 
control signal reception portion newly receives a control sig 
nal, the control portion maintains the previous control state 
(an eleventh configuration). 

Preferably, the lighting device according to the sixth con 
figuration described above is so configured that the control 
signal reception portion receives a control signal from an 
external remote control unit (a twelfth configuration). 

Preferably, the lighting device according to the sixth con 
figuration described above is so configured that the control 
signal reception portion receives a control signal from an 
external other lighting device (a thirteenth configuration). 

Preferably, the lighting device according to the sixth con 
figuration described above is so configured that the control 
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portion has a plurality of control modes, and has a signal 
transmission portion for transmitting information of the con 
trol mode adopted by the control portion to an external other 
lighting device (a fourteenth configuration). 

Preferably, the lighting device according to the fourteenth 
configuration described above is so configured that one of the 
plurality of control modes is a mode where the lighting State 
of the light emission portion is controlled based on the human 
detection state of the human detection sensor at the time point 
that the control signal reception portion receives a control 
signal, and that, in another of the plurality of control modes, 
the control portion controls the lighting state of the light 
emission portion at the time point that a change occurs in the 
human detection state of the human detection state (a fifteenth 
configuration). 

Preferably, the lighting device according to the fourteenth 
configuration described above is so configured that the signal 
transmission portion controls the lighting state of the light 
emission portion so as to transmit a signal to the external other 
lighting device by use of visible light from the light emission 
portion (a sixteenth configuration). 
A lighting device disclosed in the present description is so 

configured as to include: a light emission portion; a control 
signal reception portion for receiving a control signal; a con 
trol portion for controlling the lighting State of the light emis 
sion portion based on the control signal received by the con 
trol signal reception portion; and a signal transmission 
portion for transmitting the lighting state of the light emission 
portion to an external other lighting device (a seventeenth 
configuration). 

Preferably, the lighting device according to the seventeenth 
configuration described above is so configured that the con 
trol signal reception portion receives from an external remote 
control unita control signal with a limited reachable range (an 
eighteenth configuration). 

Preferably, the lighting device according to the seventeenth 
configuration described above is so configured that, until the 
control signal reception portion newly receives a control sig 
nal, the control portion maintains previous control state (nine 
teenth configuration). 
A lighting system disclosed in the present description is so 

configured as to include a plurality of the lighting device 
according to the seventeenth configuration described above (a 
twentieth configuration). 

Advantageous Effects of the Invention 

As described above, according to the present invention, it is 
possible to provide a lighting device and a lighting system 
that allow useful control through coordination among a plu 
rality of lighting devices. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram showing an example of a lighting 
device according to an embodiment of the invention. 

FIG. 2 is a lighting status block diagram in a simple inde 
pendent mode with a plurality of lighting devices. 

FIG. 3 is a lighting status block diagram in a coordinated 
all-device control mode with a plurality of lighting devices. 

FIG. 4 is a lighting status block diagram showing a state 
where a first part is lit in a coordinated partial control mode 
with a plurality of lighting devices. 

FIG. 5 is a lighting status block diagram showing a state 
after the lit part has been changed to a second part in a 
coordinated partial control mode with a plurality of lighting 
devices. 
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4 
FIG. 6 is a timing chart of reciprocal visible light commu 

nication among a plurality of lighting devices. 
FIG. 7 is a basic flow chart showing the operation of a 

lighting control portion in the example of the invention shown 
in FIG. 1. 

FIG. 8 is a flow chart showing the details of step S22 in 
FIG. 7. 

FIG. 9 is a flow chart showing the details of step S16 in 
FIG. 7. 

FIG. 10 is a flow chart showing a modified example of the 
details of step S16 in FIG. 7. 

DESCRIPTION OF EMBODIMENTS 

FIG. 1 is a block diagram showing an example of a lighting 
device according to an embodiment of the invention. The 
example includes a plurality of independently controllable 
LED lighting devices and remote control units; for simplici 
ty's sake, however, FIG. 1 only shows two—a first and a 
second-lighting devices, of which the relationship with a 
single remote control unit 6 will be discussed. It is assumed 
that the first and second LED lighting devices 2 and 4 are 
arranged adjacent to each other on a ceiling. It is assumed that 
the remote control unit 6 is operated by an operator 8. The 
internal configuration of the lighting devices will be 
described with respect to the first LED lighting device 2, and 
for the second LED lighting device 4, which is configured 
identically, reference numerals having “1” in the hundreds 
digit followed by common figures in the tens and one’s digits 
will be used, with no separate discussion given unless neces 
Sary. 
The first LED lighting device 2 has a first light emission 

portion 10 which generates visible illumination light 11, and 
emits light by being fed with electric power from a first power 
Supply portion 12, which is connected to a household power 
line. The light emission by the first light emission portion 10 
is controlled by a first illumination control portion 14 which 
includes a microprocessor or the like. A first memory portion 
16 stores programs for execution of the functions of the first 
illumination control portion 14, and temporarily stores vari 
ous pieces of data needed for control. The first illumination 
control portion 14 turns on and off the light emission by the 
first light emission portion 10 and performs brightness adjust 
ment (hereinafter referred to as "dimming”) according to a 
signal from a first infrared communication portion 22 which 
receives infrared light 20 from an infrared communication 
portion 18 of the remote control unit 6. 
Not only via control from the remote control unit 6 as 

mentioned above, but also in response to a detection signal 
from a first human detection sensor 24, the first illumination 
control portion 14 turns on and off the light emission by, and 
performs dimming on, the first light emission portion 10. 
Specifically, the first human detection sensor 24 detects infra 
red radiation 23 from the human body to yield a detection 
signal that indicates human presence/absence within a prede 
termined range directly under the illumination of the first 
light emission portion 10, and according to the detection 
signal from the first human detection sensor 24, the first 
illumination control portion 14 turns on and off the light 
emission by, and performs dimming on, the first light emis 
sion portion 10. Also in response to a detection signal from a 
first light reception portion 26 which receives visible illumi 
nation light 111 from a second light emission portion 110 of 
the adjacent second LED lighting device 4, the first illumina 
tion control portion 14 turns on and off the light emission by, 
and performs dimming on, the first light emission portion 10. 
Likewise, in response to a detection signal from a second light 
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reception portion 126 which intercepts the visible illumina 
tion light 11 from the first light emission portion 10 of the first 
LED lighting device 2, a second illumination control portion 
114 of the second LED lighting device 4 turns on and off the 
light emission by, and performs dimming on, the second light 
emission portion 110. 
The dimming of the first and second light emission por 

tions 10 and 110 is achieved through the varying of the duty 
cycle by PWM control. Here, by varying the timing of control 
pulses for PWM control in a way that does not change the 
overall duty cycle which determines brightness, control infor 
mation is Superimposed on the visible illumination light 11 or 
111 from the first or second light emission portion 10 or 110. 
The first or second light reception portion 26 or 126 intercepts 
the counterparts visible illumination light 11 or 111, thus 
having the control information Superimposed on it, to detect 
the control information. How this exchange of reciprocal 
control information by visible illumination light proceeds 
will be described in detail later. Incidentally, when a control 
signal needs to be transmitted at the time point that the first or 
second light emission portion 10 or 110 is turned off, prior to 
the turning off, the first or second light emission portion 10 or 
110 continues light emission with the visible illumination 
light 11 or 111 Superimposed, and is then turned off. 

In the remote control unit 6, under the control of an on/off 
operation portion 28, a remote control unit control portion 30 
makes the infrared communication portion 18 transmit infra 
red light 20 for turning the lighting devices on and off. More 
over, according to how a dimming operation portion 32 is 
operated, the remote control unit control portion 30 makes the 
infrared communication portion 18 transmit infrared light 20 
for dimming the lighting devices. Furthermore, according to 
how a command operation portion 34 is operated, the remote 
control unit control portion 30 makes the infrared communi 
cation portion 18 transmit infrared light 20 for changing the 
lighting State. In the control described above, each lighting 
device can be set for a different channel so that, by making the 
infrared communication portion 18 transmit infrared light 20 
containing channel specifying information, the lighting 
devices can be controlled individually. 

With the configuration described above, in the state shown 
in FIG. 1, the operator 8 etc. are located as follows. The 
operator 8 is so located as to be detected by a second human 
detection sensor 124 of the second LED lighting device 4, and 
the infrared light 20 from the remote control unit 6 operated 
by the operator 8 is so located as to be detected by the first 
infrared communication portion 22 of the first LED lighting 
device 2 and by a second infrared communication portion 122 
of the first LED lighting device 2. It should be noted that the 
operator 8 is not so located as to be detected by the first human 
detection sensor 24 of the first LED lighting device 2. On the 
other hand, another person 36 in the same room is so located 
as to be detected by the first human detection sensor 24 of the 
first LED lighting device 2 but not to be detected by the 
second human detection sensor 124 of the second LED light 
ing device 4. 

Next, lighting control in the state described above will be 
described. First, in a human-detecting partial lighting mode, 
when the operator 8 so operates the on/off operation portion 
28 as to turn on the lighting devices, the infrared light 20 from 
the remote control unit 6 is detected by the second infrared 
communication portion 122 of the second LED lighting 
device 4, and in addition the second human detection sensor 
124 detects infrared radiation 123 from the operator 8; thus, 
the second illumination control portion 114 turns on the sec 
ond light emission portion 110. On the other hand, the infra 
red light 20 from the remote control unit 6 is detected also by 
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6 
the first infrared communication portion 22 of the first LED 
lighting device 2, and in addition the first human detection 
sensor 24 detects infrared radiation 23 from the other person 
36 in the same room; thus, the first illumination control por 
tion 14 turns on the first light emission portion 10. Here, if the 
other person 36 in the same room is absent, the infrared light 
20 from the remote control unit 6 will invariably be detected 
by the first infrared communication portion 22 of the first 
LED lighting device 2, but, with no detection by the first 
human detection sensor 24 present, the first illumination con 
trol portion 14 will not turn on the first light emission portion 
10. In this way, in the human-detecting partial lighting mode, 
the first and second illumination control portions 14 and 114 
turn on or off the first and second light emission portions 10 
and 110 respectively according to the detection status of 
infrared light 20 from the remote control unit 6 and of infrared 
radiation 23 and 123 from the human body. It should be noted 
that, in the above description, the control functions based on 
exchange of reciprocal control information by visible illumi 
nation light in the first and second light reception portions 26 
and 126 are omitted 

FIGS. 2 to 5 are lighting status block diagrams illustrating 
different control statuses observed in a case where six lighting 
devices 2, 4, 40, 42, 44, and 46 are arranged on a ceiling and 
are controlled with a single remote control unit 6. Each light 
ing device is configured as shown in FIG. 1. However, FIGS. 
2 to 5 are directed to simple control modes, where lighting 
control is performed without using the function of human 
detection sensors 24, 124, etc., and accordingly such sensors 
are omitted from illustration. Moreover, the following 
description discusses, on a concluding basis, the cause-effect 
relationships between, at one end, detection by the individual 
light-reception portions and by the individual infrared-com 
munication portions and, at the other end, turning on or off of 
the individual light emission portions, and accordingly the 
individual control portions that perform intermediary control 
therefor are also omitted from illustration. 
Under the assumptions discussed above, with reference to 

FIGS. 2 to 5, a description will now be given of control based 
on the detectable range of the infrared light 20 from the 
remote control unit 6 and the exchange of reciprocal control 
information by visible illumination light. In FIGS. 2 to 5, a 
light emission portion indicated by a bold-lined box is to be 
understood to be emitting light, and a light emission portion 
indicated by a fine-lined box is to be understood to be extin 
guished. Solid-line-contoured thick hollow arrows, and solid 
line arrows between blocks, indicate the flow of control sig 
nals that have caused light emission portions to be turned on. 
On the other hand, broken-line-contoured thick hollow 
arrows, and broken-line arrows between blocks, indicate the 
flow of control signals that have caused light emission por 
tions to be turned off. Moreover, parenthesized numbers 
inside hollow arrows indicate the chronological order where 
multiple cause-effect relationships occur in Succession. In 
each block, to avoid complexity, the numbers of individual 
blocks within the LED lighting devices are omitted unless 
necessary for description. 

First, FIG. 2 is a lighting status block diagram in a simple 
independent mode. The simple independent mode is a mode 
where no human detection sensor is involved and in addition 
the infrared communication portion 18 transmits infrared 
light 20 specifying a channel. FIG. 2 shows an example where 
infrared light 20 specifying the second LED lighting device 4 
is being transmitted and where, accordingly, based on the 
output of the second infrared communication portion 122 
located within the reachable range of the infrared light 20 and 
having detected the infrared light 20 specifying the channel of 
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the second infrared communication portion 122 itself, the 
second light emission portion 110 is turned on. The first and 
third infrared communication portions 22 and 222 are also 
located within the reachable range of the same infrared light 
20 and are receiving it, but since their own channels are not 
specified, they do not make the first and third light emission 
portions 10 and 210 emit light. The fourth, fifth, and sixth 
infrared communication portions 322,422, and 522 are not 
located within the reachable range of the infrared light 20 in 
the first place, and accordingly they do not turn on the fourth, 
fifth, and sixth light emission portions 310, 410, and 510. 

FIG. 3 is a lighting status block diagram in a coordinated 
general control mode. The coordinated general control mode 
is a mode where individual LED lighting devices are operated 
in a coordinated fashion, or in Succession, so that wherever 
the remote control unit 6 may be operated and the infrared 
light 20 may be transmitted from, all the LED lighting devices 
are turned on or offin a coordinated fashion. While FIG. 3 is 
directed to control for turning on, which will now be 
described, control for turning off proceeds in a similar man 
ner. It is assumed that the location of the remote control unit 
6 is such that, as in FIG. 2, the first, second, and third infrared 
communication portions 22, 122, and 222 are located within 
the reachable range of the same infrared light 20. In the 
coordinated general control mode, the infrared light 20 is 
transmitted via a coordinated channel which is set to be com 
monto all the LED lighting devices. The coordinated channel 
may double as the channel specifying any of the individual 
LED lighting devices. Thus, depending on the mode, the 
individual LED lighting devices are controlled in response to 
their own channels or the coordinated channel, whichever is 
specified; in the coordinated general control mode, they are 
set to respond to the coordinated channel. 
Under the assumptions discussed above, when infrared 

light 20 is transmitted via the coordinated channel, as indi 
cated by Succession order (1), first, the first, second, and third 
infrared communication portions 22, 122, and 222, which are 
located within the reachable range of the infrared light 20, 
detect it, and turn on the first, second, and third light emission 
portions 10, 110, and 210 respectively. At this time, as indi 
cated by succession order (2), the visible illumination light 11 
from the first light emission portion 10, the visible illumina 
tion light 111 and 211 from the second light emission portion 
110, and the visible illumination light 311 from the second 
light emission portion 210 are received by the adjacent ones 
of the first, second, and third light reception portions 26, 126, 
and 226 respectively; thus, control is performed such that the 
LED lighting devices receive infrared light each from any 
adjacent one to turn on the first, second, and third light emis 
sion portions 10, 110, and 210 respectively. It should be noted 
that, so long as the LED lighting devices are already normally 
on through reception of the infrared light 20, nothing happens 
through the above-described control by visible light commu 
nication. 

However, if any of the first, second, and third infrared 
communication portions 22, 122, and 222 happens to be 
faulty and unable to effect turning-on, then, as a fail-safe 
function, the above-described reciprocal control by visible 
light communication will enables turning-on. For example, if 
the second infrared communication portion 122 is faulty, the 
control (1) by the infrared light 20 from the remote control 
unit 6 to the second LED lighting device 4 cannot effect 
turning-on. At this time, however, the control (1) from the 
remote control unit 6 to the first or second LED lighting 
device 2 or 40, and the succeeding control (2) by the visible 
illumination light 11 or 311 from the first or second LED 
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8 
lighting device 2 or 40 to the second LED lighting device 4, 
turn on the second LED lighting device 4. 
The Succeeding control (2) by visible light communication 

to the second LED lighting device 4 occurs with respect to 
those adjacent to it on both sides; thus, in the situation men 
tioned above, if the fault is so serious that the first light 
emission portion 10 of the first LED lighting device 2 also 
fails to be turned on, then the control (1) from the remote 
control unit 6 to the third LED lighting device 40, and the 
succeeding control (2) by the visible light 311 from the third 
LED lighting device 40 to the second LED lighting device 4, 
function as a fail-safe path, allowing the second LED lighting 
device 4 to be turned on. In the above description based on 
FIG.3, a mention is made only of the relationship between the 
second LED lighting device 4 and the first and third LED 
lighting devices 2 and 40 adjacent to it on both sides. In 
general, for example in a case where a plurality of LED 
lighting devices are arranged in a matrix-like formation, for 
each LED lighting device, a plurality of fail-safe paths exist— 
basically four paths to those adjacent to it in four directions; 
for an LED lighting device on any of the four sides of the 
matrix, three paths; and for an LED lighting device in any of 
the four corners of the matrix, two paths. Furthermore, while 
the above description only mentions communication between 
adjacent LED lighting devices for simplicity's sake, in prac 
tice reciprocal control by visible light communication is pos 
sible even between mutually remote LED lighting devices so 
long as Sufficient light intensity can be secured within the 
direct and indirect illustration ranges of their respective light 
emission portions, and thus there exist more fail-safe paths. 

Next, lighting control for the fourth, fifth, and sixth LED 
lighting devices 42, 44, and 46 will be described. As described 
above, through the control (1) from the remote control unit 6 
to the first or third LED lighting device 2 or 40, the first and 
third LED lighting devices 10 and 210 are turned on. Thus, 
with respect to the LED lighting devices adjacent to them and 
located in their illumination ranges, namely the fourth and 
sixth LED lighting devices 42 and 46, the control (2) by 
visible light 411 and 511 respectively succeed. Thus, the 
fourth and sixth light reception portions 326 and 526, which 
intercept the visible light from the first and third light emis 
sion portions 10 and 210, turn on the fourth and sixth light 
emission portions 310 and 510 respectively. Succeeding this 
turning-on, the control (3) by visible light 611 and 711 from 
the fourth or sixth LED lighting device 42 or 46 to the fifth 
LED lighting device 44 occurs, and thus the fifth light recep 
tion portion 426, which intercepts the visible light 611 or 711 
from the fourth or sixth light emission portion 611 or 711, 
turns on the fifth light emission portion 410. In this case also, 
two paths exist across which the fifth light emission portion 
410 can be turned on, each path functioning as a fail-safe path 
to the other. 

FIGS. 4 and 5 are lighting status block diagrams in a 
coordinated partial control mode. FIG. 4 shows a state where, 
of the illumination range of a plurality of LED lighting 
devices, a first part (the part to which LED lighting devices 2, 
4, and 40 belong) is lit, and FIG. 5 shows a state, where the lit 
part has been changed to a second part (the part to which LED 
lighting devices 42, 44, and 46 belong). The change of the lit 
part is possible by changing the location where the remote 
control unit 6 is operated; basically, those LED lighting 
devices which are located near the remote control unit 6 are 
turned on, while those LED lighting devices which are 
located away from the remote control unit 6 are turned off. 

First, the state shown in FIG. 4 will be described. In the 
state shown in FIG. 4, it is assumed that an operator holding 
the remote control unit 6 is located in the vicinity of the first, 
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second, and third LED lighting devices 2, 4, and 40. When, in 
this state, the remote control unit 6 is operated and the infrared 
light 20 is transmitted via the coordinated channel in the 
coordinated partial control mode, the first, second, and third 
infrared communication portions 22, 122, and 222 located 
within the reachable range of the infrared light 20 detect it, 
and turn on the first, second, and third light emission portions 
10, 110, and 210 respectively. In the coordinated partial con 
trol mode, no succeeding lighting control occurs, and thus the 
control is now ended. Incidentally, turning on an LED light 
ing device incites coordination by visible light for turning off 
an already turned-on LED lighting device outside the reach 
able range of the infrared light 20; in FIG.4, however, there is 
no relevant LED lighting device, and therefore Such succes 
sion will be discussed later with reference to FIG. 5. 

In the state shown in FIG. 4, the operator holding the 
remote control unit 6 is located away from the fourth, fifth, 
and sixth LED lighting devices 42, 44, and 46, and thus the 
fourth, fifth, and the sixth infrared communication portions 
322,422, and 522 are not located within the reachable range 
of the infrared light 20 in the first place. Accordingly, even 
when the remote control unit 6 is operated via the coordinated 
channel, the fourth, fifth, and sixth light emission portions 
310,410, and 510 are not turned on. 

Next, suppose that, from the state shown in FIG. 4, the 
operator 8 moves away from the first, second, and third LED 
lighting devices 2, 4, and 40 into the vicinity of the fourth, 
fifth, and sixth LED lighting devices 42, 44, and 46, where the 
operator then operates the remote control unit 6 to make a 
turning-on operation. FIG. 5 shows the lighting state that 
results from that operation. When, as a result of the turning-on 
operation, infrared light 20 is transmitted via the coordinated 
channel in the coordinated partial control mode as indicated 
by succession order (1), the fourth, fifth, and sixth infrared 
communication portions 322,422, and 522, which are located 
in the reachable range of the infrared light 20, detect it, and 
turn on the fourth, fifth, and sixth light emission portions 310, 
410, and 510 respectively. The succession for turning-on is 
thus ended, but since the first, second, and third LED lighting 
devices 2, 4, and 40 have been on in FIG. 4, succession for 
turning these off now occurs. 

Specifically, when the fourth and sixth light emission por 
tions 310 and 510 are turned on, as indicated by succession 
order (2), the coordinated turning-off signals by visible light 
811 and 911 from the fourth and sixth light emission portions 
310 and 510 are received by the adjacent light reception 
portions respectively, namely the first and third light recep 
tion portions 26 and 226. The first and third light emission 
portions 10 and 210 have thus far been on as shown in FIG. 4 
and, at the time point that they receive the coordinated turn 
ing-off signals, the infrared communication portions 22 and 
222 do not receive turning-on signals from the remote control 
unit 6; under these conditions, the first and third light emis 
sion portions 10 and 210 are both turned off Prior to the 
turning-off, as indicated by Succession order (3), the first and 
third light emission portions 10 and 210 emit light according 
to the coordinated turning-off signals to relay the coordinated 
turning-off signals detected by the first and third light recep 
tion portions 26 and 226. These coordinated turning-off sig 
nals are each received by the adjacent second light reception 
portion 126. Here, the second light emission portion 110 has 
thus far been on as shown in FIG. 4 and, at the time point that 
it receives the turning-off signal, the second infrared commu 
nication portion 122 does not receive a turning-on signal from 
the remote control unit 6; under these conditions, the second 
light emission portion 110 is turned off. In this way, succeed 
ing the turning-on of the fourth, fifth, and sixth light emission 
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portions 310, 410, and 510 (the first part), the first, second, 
and third LED lighting devices 2, 4, and 40 (the second part) 
are turned off in a coordinated fashion. Also with such a 
coordinated turning-off signal. Succession occurs across a 
plurality of paths (for example, the turning-off paths of the 
second light emission portion 110 in FIG. 5) like those 
described in connection with the coordinated general control 
mode shown in FIG. 3, each path functioning as a fail-safe 
path to the other. 
The above description of FIGS. 4 and 5 assumes, for sim 

plicity's sake, that the first and second parts are adjacent to 
each other, and that visible light communication takes place 
between mutually adjacent LED lighting devices. Coordina 
tion, however, is not limited to cases where a previously 
turned-on part and a newly turned-on part are adjacent to each 
other. In the example described above, an LED lighting 
device that receives a coordinated turning-off signal but that 
has been off is turned on momentarily for the relaying pur 
pose. The total energy for this turning-on is so low that the 
human eye does not perceive it. Thus, even if an LED lighting 
device that is off intervenes in a path, one coordinated turn 
ing-off signal Succeeds another, reaching an LED lighting 
device that is onto turn it off. As described in connection with 
the coordinated general control mode in FIG. 3, so long as 
sufficient light intensity can be secured within the direct and 
indirect illumination ranges of individual light emission por 
tions, visible light communication is possible not only 
between mutually adjacent LED lighting devices but also 
between mutually remote LED lighting devices. Accordingly, 
in Such a case, even if an LED lighting device that is off 
intervenes in its path, the coordinated turning-off signal can, 
directly without a relay, or skipping any relay wherever pos 
sible, reach an LED lighting device that is on to turn it off. 

FIG. 6 is a timing chart of reciprocal visible light commu 
nication in the first to sixth LED lighting devices 2 to 46 
shown in FIGS. 2 to 5. FIG. 6(A) shows a reference timing 
signal which is generated from 50 Hz or 60 Hz of the alter 
nating-current power line that feeds the individual LED light 
ing devices; with respect to rising edges in it as indicated by 
t1 and t9, the timing of visible light communication in the 
individual LED lighting devices is adjusted. FIG. 6 (B) to 
FIG. 6(G) show the transmission and reception timing allo 
cated to the first to sixth LED lighting devices 2 to 46, respec 
tively, with respect to the reference timing signal. 

In FIG. 6, the period from tl to t3 is allocated to commu 
nication, and the period from t8 to t9 is allocated to PWM 
control for dimming. That is, during the period from t8 to t9. 
PWM control is performed, and by varying its duty cycle, 
dimming is achieved. On the other hand, during the period 
from tl to t3, the LED lighting devices are basically all in a 
non-luminous state, with their respective light reception por 
tions at stand-by ready to receive visible light for communi 
cation from other LED lighting devices. Only during the 
period allocated to each LED lighting device is it turned on 
and off to give off visible light for communication. 

Specifically, FIG. 6(B) is a timing chart of the first LED 
lighting device 2. The period between t2 and t3 is a transmis 
sion period during which visible light for communication can 
be emitted, and during this period, the other LED lighting 
devices are in a non-luminous state, at stand-by ready to 
receive visible light for communication from the first LED 
lighting device 2. In the periods from til to t2 and from t3 to t3, 
the first LED lighting device 2 is in a non-luminous state, at 
stand-by ready to receive visible light for communication 
from the other LED lighting devices. Likewise, FIG. 6(C) is a 
timing chart of the second LED lighting device 4, the period 
from t3 to ta being a transmission period and the rest being a 



US 9,351,372 B2 
11 

non-luminous stand-by period. FIGS. 6(D) to 6(G) are timing 
charts of the third to sixth LED lighting devices 40 to 46; since 
these can be understood in similar manners as described 
above, no further description will be given. 

In FIG. 6 described above, for the sake of convenience of 
description, the period from tl to t8 is shown exaggeratedly 
long; in reality, by increasing as necessary the proportion of 
the period from t8 to t9 in the period from tl to t3, it is possible 
to increase the maximum value of the duty cycle and thereby 
widen the dynamic range of dimming by PWM control. 

For the sake of convenience of description, the discussions 
thus far have been divided into those directed to the control, 
shown in FIG.1, based on the detection status of infrared light 
20 from the remote control unit 6 and of infrared radiation 23 
and 123 from the human body and those directed to the 
control, shown in FIGS. 2-6, through exchange of reciprocal 
control information by infrared light 20 from the remote 
control unit 6 and by visible illumination light. In practice, 
those two schemes of control may be combined to realize 
various types of control based on detection of infrared light 20 
from the remote control unit 6, detection of infrared radiation 
23 and 123 from the human body, and exchange of reciprocal 
control information by visible illumination light. 
The present invention may be implemented in any other 

manner than specifically described above by way of an 
example so long as it affords its benefits. For example, recip 
rocal communication for coordination among LED lighting 
devices is possible not only by visible light communication as 
used in the example described above but also by wired com 
munication among the devices. As wired communication, it is 
possible to adopt power line communication across the power 
line that feeds electric power to the power supply portions of 
the individual LED lighting devices. 

FIG. 7 is a basic flow chart showing the operation of the 
first or second illumination control portion 14 or 114 in the 
example of the invention shown in FIG. 1. The flow starts 
when the first or second illumination control portion 14 or 114 
is connected to the power Source. In the following descrip 
tion, to avoid complexity, the flow will be discussed as the 
function of the first illumination control portion 14 of the first 
LED lighting device 2 as the representative of its kind. Simi 
lar is the function, it is to be noted, of the second illumination 
control portion 114 of the second LED lighting device 4 and 
of though not illustrated, the infrared communication por 
tions of the third, fourth, fifth, and sixth lighting devices 40, 
42, 44, and 46 respectively. 

Also discussed with reference to FIG. 7 will be the human 
detecting partial lighting mode which involves coordination 
with the human detection sensors—the mode of which 
description has been omitted with respect to FIGS. 2 to 5. As 
discussed in connection with FIG. 1, in the human-detecting 
partial lighting mode, the first illumination control portion 14 
turns on or off the first light emission portion 10 according to 
the detection status of the first infrared communication por 
tion 22, which receives infrared light 20 from the remote 
control unit 6, and of the first human detection sensor 24, 
which detects infrared radiation 23 from the human body. 
Moreover, according to the specific functions in the human 
detecting partial lighting mode that proceed along the flows in 
FIG. 7 and the following figures, the first illumination control 
portion 14 coordinates with the LED lighting devices around 
it (for example, the second LED lighting device 4) in Such a 
way as to turn on an LED lighting device for which detection 
by a human detection sensor is present and in addition turn 
weakly on the LED lighting devices around it; thus, care is 
taken so that, as a person moves, the LED lighting device that 
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12 
is turned on changes smoothly. How this is achieved will now 
be described in detail with reference to the flow charts. 

First, along the flow in FIG. 7, the control functions will be 
described in detail. When the flow starts, first, at step S2, the 
simple independent mode is set as the initial mode, and an 
advance is made to step S4. At Step S4, it is checked whether 
or not a coordinated channel (see the description of FIG. 3) set 
to be common to all the LED lighting devices is set. If it is set, 
an advance is made to step S6, where it is checked whether or 
not the first LED lighting device 2 is in the on state. If it is not 
in the on State, an advance is made to step S8, where it is 
checked whether or not the first LED lighting device 2 has 
received an infrared-light-on signal from the remote control 
unit 6. If no infrared-light-on signal has been received, an 
advance is made to step S10, where it is checked whether or 
not a visible-light-on signal has been received from another 
lighting device Such as the second LED lighting device 4. 

If, at step S10, a visible-light-on signal has been received, 
an advance is made to step S12. Also if, at step S8, it is 
detected that the first LED lighting device 2 has received an 
infrared-light-on signal from the remote control unit 6, an 
advance is made to step S12. At step S12, first, the first light 
emission portion 10 itself is turned weakly on, and then, for 
the coordinated partial lighting mode with LED lighting 
devices, a visible-light-on signal is transmitted via the coor 
dinated channel for visible light. Here, the purpose of first 
turning the first light emission portion 10 itself weakly on is 
that, depending on the detection status of the human detection 
sensor, there may be a case where the first light emission 
portion 10 is not turned on; whether to turn it on or not will be 
determined at a later step. Furthermore, at step S14, first a 
manual coordination mode is set as the initial mode, and then, 
so that on receipt of an infrared-light-off signal from the 
remote control unit 6 or a visible-light-off signal from an 
adjacent LED lighting device during the later-described 
manual coordination mode procedure an interrupt can be 
generated to make a jump to the later-described procedure for 
turning off at step S30, interrupts in response to Such signals 
are enabled. 

Thereafter, an advance is made to step S16, where the 
manual coordinated mode procedure is executed. The manual 
coordinated mode procedure at step S16 is a procedure 
whereby, each time the remote control unit 6 is operated 
manually, the movement of a person is followed through 
detection by human detection sensors and the lighting state of 
LED lighting devices is so changed as to produce illumination 
predominantly around where the person is. In the later-de 
scribed automatic coordinated mode procedure, no Such 
manual operation is involved, and the movement of a person 
is followed so as to automatically change the lighting State of 
LED lighting devices. The purpose of first setting the manual 
coordination mode as the initial mode at step S14 is as fol 
lows: if immediately after generation of an on signal the 
automatic coordination mode procedure functions to Sud 
denly cause lighting changing control as described above, it 
may surprise people who do not know the function of the 
lighting devices or, depending on the situation, may result in 
unintended control. By adopting the manual coordination 
mode as the initial mode after generation of an on signal, it is 
possible to put in effect a mode where the lighting state is not 
changed unless a person makes a manual operation. 

In the manual coordination mode procedure at step S16, for 
a predetermined short period, a series of checks are made and 
based on the results the lighting state is changed as necessary; 
the procedure is then ended. Then, to cope with a mode setting 
change, an advance is made to step S18. Incidentally, if at 
step S6, it is detected that the first light emission portion 10 is 
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in the on state, the flow advances directly to step S18. At step 
S18, it is checked whether or not an operation for setting the 
automatic coordination mode has been made. If no Such 
operation has been made, an advance is made to step S20. 
where it is checked whether or not the current mode is the 
manual coordination mode. If it is not the manual coordina 
tion mode, then it is the automatic coordination mode, and 
accordingly an advance is made to the automatic coordination 
mode procedure at step S22. Also if, at step S18, an operation 
for setting the automatic coordination mode is detected, an 
advance is made to step S22. On the other hand, if at step S20, 
the manual coordination mode is detected, the flow returns to 
step S16, and thereafter, unless an operation for a setting 
change is detected at step S18, the loop from step S16 through 
step S20 is repeated to continue the manual coordination 
mode procedure. 

At step S22, the automatic coordination mode procedure is 
executed. As mentioned above, the automatic coordination 
mode procedure at step S22 is a procedure that, without 
waiting for a manual operation, follows the movement of a 
person by human detection sensors and continues changing 
the lighting state of LED lighting devices automatically in 
Such a way that illumination is provided predominantly 
around where the person is. Also in the automatic coordina 
tion mode at step S22, for a predetermined short period, a 
series of checks are made and based on the results the lighting 
state is changed as necessary; the procedure is then ended. 
Then, to cope with a mode setting change, an advance is made 
to step S24. Step S22 will be described in detail later. At step 
S24, it is checked whether or not an operation for setting the 
manual coordination mode has been made and, if no Such 
operation has been made, an advance is made to step S26. On 
the other hand, if at step S24, an operation for setting the 
manual coordination mode is detected, the flow returns to step 
S16, and thereafter, unless an operation to restore the setting 
for the automatic coordination mode is detected, an entry is 
made into the loop from step S16 through step S20, and the 
loop is repeated to continue to the manual coordination mode. 

At step S26, it is checked whether or not the first LED 
lighting device 2 has received an infrared-light-off signal 
from the remote control unit 6. If no infrared-light-off signal 
has been received, an advance is made to step S28, where it is 
checked whether or not a visible-light-off signal has been 
received from another lighting device such as the second LED 
lighting device 4. If, at step S28, a visible-light-off signal has 
been received, an advance is made to step S30. Also if, at step 
S26, it is detected that the first LED lighting device 2 has 
received an infrared-light-off signal from the remote control 
unit 6, an advance is made to step S30. At step S30, for the 
coordinated partial control mode with LED lighting devices, 
an off-state signal is transmitted via the coordinated channel 
for visible light; thereafter, the first light emission portion 10 
is turned off, and an advance is made to step S32. If, at step 
S10, no visible-light-on signal has been received or, at step 
S28, no visible-light-off signal has been received, a direct 
advance is made to step S32. 

At step S32, it is checked whether or not the supply of 
electric power to the first illumination control portion 14 is 
stopped. If the Supply of electric power is not stopped, the 
flow returns to step S4, and thereafter, if a coordinated chan 
nel has been set, steps S4 through S32 are repeated to perform 
control to cope with changes in situation. If, at step S24, no 
operation for setting the manual coordination mode is 
detected, an advance is made to step S26 and the following 
steps. By contrast, if no off signal is received and in addition 
the Supply of electric power is not stopped, then, so long as the 
automatic coordination mode and the on state are in effect, the 
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flow, by proceeding from step S32 through steps S4, S6, and 
S18, quickly returns to step S22, where the automatic coor 
dination mode is continued. On the other hand, if at step S32, 
the supply of electric power is found to be stopped, the entire 
flow is ended. 

Incidentally, if at Step S4, no coordinated channel is set, 
the mode in effect is one where the individual LED lighting 
devices are controlled independently of one another via chan 
nels dedicated to them respectively. To execute that, an 
advance is made to step S34, where it is checked whether or 
not the first LED lighting device 2 is in the on state. If it is not 
in the on state, an advance is made to step S24, where it is 
checked whether or not the first LED lighting device 2 has 
received an infrared-light-on signal from the remote control 
unit 6. If an infrared-light-on signal is detected to have been 
received, an advance is made to step S38, where the first light 
emission portion 10 is turned on, and an advance is made to 
the independent mode procedure at step S40. If, at S34, the 
first light emission portion 10 is detected to be in the on state, 
a direct jump is made to step S40. 
The independent mode procedure at step S40 is for per 

forming control. Such as dimming among others, individually 
for the first LED lighting device 2 via the channel dedicated to 
it or in a coordinated fashion with other LED lighting devices 
controlled via other channels dedicated to them. Moreover, in 
the independent mode procedure at step S40, for a predeter 
mined short period, a series of checks are made and control 
based on the results is performed; then the procedure is ended. 
Then, to cope with an infrared-light-off signal, an advance is 
made to step S42. At step S42, it is checked whether or not the 
first LED lighting device 2 has received an infrared-light-off 
signal from the 6, and if it is detected to have been received 
then, at step S44, the first LED lighting device 2 is turned off, 
and an advance is made to step S32. On the other hand, if, at 
step S36, no infrared-light-on signal is detected, a direct 
advance is made to step S32. The functions at step S32 and the 
following steps are as already described; if the Supply of 
electric power is not detected to be stopped, the flow returns 
to step S4, and thereafter, unless a coordinated channel is set, 
the loop from step S4 through step S34 to step S32 is repeated 
to cope with operations for turning on, turning off dimming, 
and otherwise controlling the first LED lighting device 2. 

FIG. 8 is a flow chart showing the details of the automatic 
coordination mode procedure at step S22 in FIG.7. When the 
flow starts, at step S52, it is checked whether or not the first 
human detection sensor 24 is in a state of detecting a human. 
If human detection is present, an advance is made to step S54. 
where the first light emission portion 10 is turned normally 
on. Next, an advance is made to step S55, where, for auto 
matic coordination, by visible light communication via the 
coordinated channel, a signal indicating that the first LED 
lighting device 2 is normally on is transmitted to any adjacent 
LED lighting device, then the procedure is ended. 
On the other hand, if, at step S52, no human detection by 

the first human detection sensor 24 is confirmed, an advance 
is made to step S56. This state is not always one where human 
detection is absent from the beginning, but also may be one at 
the moment that a person has just moved away Such that 
previously present human detection is now absent. At step 
S56, it is checked whether or not the first light emission 
portion 10 is currently normally on, and if it is normally on, an 
advance is made to step S58, where it is checked whether or 
not any adjacent LED lighting device is normally on. This 
check is achieved by receiving a normally-on signal from the 
adjacent lighting device. If the adjacent LED lighting device 
is in the normally on state, an advance is made to step S60, 
where human detection-induced interrupts are enabled, and 



US 9,351,372 B2 
15 

an advance is made to step S62, where it is checked whether 
or not a predetermined time has elapsed since human detec 
tion became absent. If the predetermined time has not 
elapsed, a return is made to step S58, and thereafter, until the 
predetermined time elapses, steps S58 through S62 are 
repeated to keep the first light emission portion 10 normally 
on. Meanwhile, whenever human detection by the first human 
detection sensor 24 recurs, an interrupt permits an immediate 
advance to step S52. 
The continuation of normal lighting through repetition of 

step S58 through S62 mentioned above is intended to cope 
with situations where, for example, a person moves into the 
vicinity of the adjacent LED lighting device and immediately 
moves back into the vicinity of the first LED lighting device 
2, that is, to prevent the lighting state from changing rest 
lessly. After the lapse of the predetermined time at step S62, 
an advance is made to step S64, where the lighting state is 
changed to weak lighting. Then, at step S66, a signal indicat 
ing that normal lighting has been stopped is transmitted to the 
adjacent lighting device, and the flow is ended. 
On the other hand, if, at step S58, it is not detected that the 

adjacent LED lighting device is normally on, an advance is 
made to step S68, where immediately the lighting state is 
changed to weak lighting, and then, at step S70, a signal 
indicating that normal lighting has been stopped is transmit 
ted to the adjacent lighting device. Then, at step S72, human 
detection-induced interrupts are enabled, and an advance is 
made to step S74, where it is checked whether or not a 
predetermined time has elapsed since human detection 
became absent. If the predetermined time has not elapsed, a 
return is made to step S72, and thereafter, until the predeter 
mined time elapses, steps S72 and S74 are repeated to keep 
the first light emission portion 10 weakly on. Meanwhile, 
whenever human detection by the first human detection sen 
Sor 24 recurs, an interrupt permits an immediate advance to 
step S52. Also when the adjacent lighting device has changed 
its lighting state according to a change in the output of its 
human detection sensor, an interrupt permits an advance to 
whichever is appropriate of steps S58, S80, and S82, of which 
the last two will be described later. 

The continuation of weak lighting through repetition of 
steps S72 through S74 mentioned above is intended to cope 
with situations where, for example, a person moves away 
from the first LED lighting device 2 and immediately moves 
back, that is, to prevent the lighting State from changing 
extremely restlessly between on and offAfter the elapse of the 
predetermined time at step S74, an advance is made to step 
S76, where the first light emission portion 10 is turned off and 
the flow is ended. 
By contrast, if at step S56, while no human detection is 

present, the first light emission portion 10 is not detected to be 
normally on, an advance is made to step S78, where it is 
checked whether or not the first light emission portion 10 is 
weakly on. If it is weakly on, an advance is made to step S80. 
This state corresponds to one where, while no human detec 
tion by the first human detection sensor 24 is present, the 
turning on of the adjacent LED lighting device has prelimi 
narily caused weak lighting. At step S80, it is checked 
whether or not the adjacent LED lighting device is normally 
lit. When it stops being on, an advance is made to step S76, 
where the first light emission portion 10 is turned off, and the 
flow is ended. On the other hand, if at step S80, it is confirmed 
that the adjacent LED lighting device is normally on, the flow 
is immediately ended. In this case, the preliminary weak 
lighting of the first light emission portion 10 is continued. 
On the other hand, if, at step S78, the first light emission 

portion 10 is not detected to be weakly on, an advance is made 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
to step S82, where it is checked whether or not the adjacent 
LED lighting device is normally on. When the lighting state 
of the adjacent LED lighting device changes to normal light 
ing, an advance is made to step S84, where weak lighting of 
the first light emission portion 10 is started, and the flow is 
ended. On the other hand, if, at step S82, the adjacent LED 
lighting device is not detected to be normally on, the flow is 
immediately ended. In this case, the off state of the first light 
emission portion 10 is continued. 
Now, a supplementary description will be given of the 

mode change between the automatic coordination mode and 
the manual coordination mode. In the example described 
above, to prevent confusion about the mode, a mode change 
between the automatic and manual coordination modes is 
performed in a unified manner with all the LED lighting 
devices that are present in a room. And Such a mode change is 
basically effected by infrared light communication based on 
operation of the remote control unit 6. However, with an LED 
lighting device located so far away from the remote control 
unit 6 that infrared light does not reach it, the mode change 
may not take place. To cope with Such a situation, in the 
example described above, a mode change signal by infrared 
light is forwarded by visible light communication among 
LED lighting devices so that the mode change reliably takes 
place with an LED lighting device located outside the infrared 
light communication range of the remote control unit 6. 

Specifically, the detection of an operation for setting the 
automatic coordination mode at step S18 in FIG. 7 and the 
detection of an operation for setting the manual coordination 
mode at step S24 are achieved basically by reception of infra 
red light 20 transmitted in a unified manner with all the LED 
lighting devices based on operation of the remote control unit 
6. Here, to ensure that a mode change between the automatic 
and manual coordination modes takes place also with an LED 
lighting device located outside the reachable range of the 
infrared light 20, an LED lighting device that has received 
infrared light 20 for a mode change then transmits by visible 
light communication a mode change signal to the adjacent 
LED lighting device, and this mode change signal is for 
warded from one LED lighting device to any adjacent to it. 
Thus, it is assumed that the detection of an operation for 
setting the automatic coordination mode at step S18 in FIG.7 
and the detection of an operation for setting the manual coor 
dination mode at step S24 include detection by visible light 
communication. To realize this function, though omitted from 
illustration in FIG. 7, there is inserted, on the way of the 
advance from step S18 to step S22, a step of “automatic 
coordination mode setting visible signal transmission, and 
there is inserted, on the way of the return from step S24 to step 
S16, a step of “manual coordination mode setting visible 
signal transmission.” 

FIG. 9 is a flow chart showing the details of the manual 
coordination mode procedure at step S16 in FIG.7. When the 
flow starts, at step S92, it is checked whether or not an infra 
red-on signal based on operation of the remote control unit 6 
has been received. Here, the operation of the remote control 
unit 6 is that performed according to the intention of a person 
who, holding the remote control unit 6, moves and wants 
whichever LED lighting device is located near him to be 
turned on as he moves. This operation may be of the type 
dedicated to changing the lighting state, but considering that 
redoing a lighting operation would be more natural, the 
example adopts a configuration that detects an ordinary infra 
red-on signal. 

If, at step S92, no infrared-on signal is detected, an advance 
is made to step S94, where it is checked whether or not there 
has been a change in another LED lighting device from the 



US 9,351,372 B2 
17 

normally on State to discontinuation of that state. This check 
is achieved by detection of a visible light signal forwarded 
from the adjacent LED lighting device. Step S94 is intended 
to enable the first LED lighting device 2, even when infrared 
light from the remote control unit 6 does not reach it, to detect 
operation of the remote control unit 6 by signal forwarding 
based on infrared light detected by another LED lighting 
device. If, at step S94, a state change in another LED lighting 
device is detected, an advance is made to step S96. Also if, at 
step S92, an infrared-on signal is directly detected, an 
advance is made to step S96. 

At step S96, it is checked whether or not, at the time point 
that the remote control unit 6 is operated, the first human 
detection sensor 24 is detecting a human, and if human detec 
tion is present, an advance is made to step S98, where the first 
light emission portion 10 is turned normally on. Next, an 
advance is made to step S100, where, for manual coordina 
tion, by visible light communication via the coordinated 
channel, a signal indicating that the first LED lighting device 
2 is normally on is transmitted to the adjacent LED lighting 
device, and the flow is ended. 
By contrast, if at step S96, no human detection by the first 

human detection sensor 24 is confirmed, an advance is made 
to step S102. At step S102, it is checked whether or not, at the 
time point that the remote control unit 6 is operated, the first 
light emission portion 10 is normally on, and if it is normally 
on, an advance is made to step S104, where it is checked 
whether or not the adjacent LED lighting device is normally 
on. This check is achieved by receiving a normally-on signal 
from the adjacent LED lighting device. If the adjacent LED 
lighting device is in the normally on state, an advance is made 
to step S106, where the lighting state is changed to weak 
lighting. Then, at step S108, a signal indicating that normal 
lighting has been stopped is transmitted to the adjacent LED 
lighting device, and the flow is ended. 
On the other hand, if, at step S104, it is not detected that the 

adjacent LED lighting device is normally on, then, at step 
S110, a signal indicating that normal lighting has been 
stopped is transmitted to the adjacent LED lighting device, 
and then an advance is made to step S112, where the first light 
emission portion 10 is turned off, and the flow is ended. In this 
way, in the manual coordination mode, when no detection by 
the first human detection sensor 24 is present and in addition 
the adjacent LED lighting device is not in the on state, the first 
light emission portion 10 is immediately turned off. This is 
because, considering that a change in the lighting state is 
effected by manual operation of the remote control unit 6 
according to human intention, it is appropriate to change the 
lighting state immediately according to the situation. 
By contrast, if, at step S102, while no human detection is 

present, it is not detected that the first light emission portion 
10 is normally on, an advance is made to step S114, where it 
is checked whether or not the first light emission portion 10 is 
weakly on. If it is weakly on, an advance is made to step S116. 
This state corresponds to one where, while no detection by the 
first human detection sensor 24 is present, the turning on of 
the adjacent LED lighting device has caused weak lighting. 
At step S116, it is checked whether or not the adjacent LED 
lighting device is normally on. If it is not normally on, an 
advance is made to step S112, where the first light emission 
portion 10 is turned off, and the flow is ended. On the other 
hand, if, at step S116, it is confirmed that the adjacent LED 
lighting device is normally on, the flow is immediately ended. 
In this case, weak lighting of the first light emission portion 
10 is continued. 
On the other hand, if, at step S114, it is detected that the first 

light emission portion 10 is weakly on, an advance is made to 
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step S118, where it is checked whether or not the adjacent 
LED lighting device is normally on. When the lighting state 
of the adjacent LED lighting device changes to normal light 
ing, an advance is made to step S120, where weak lighting of 
the first light emission portion 10 is started, and the flow is 
ended. On the other hand, if, at step S118, it is not confirmed 
that the adjacent LED lighting device is normally on, the flow 
is immediately ended. In this case, the offstate of the first light 
emission portion 10 is continued. 

FIG. 10 is a flow chart showing a modified example of the 
details of the manual coordination mode procedure at step 
S16 in FIG. 7. The manual coordination mode procedure 
shown in FIG. 9 is so configured as to control the first light 
emission portion 10 based on the combination of the detec 
tion status of the first human detection sensor 24 at the time of 
operation of the remote control unit 6 and the lighting state of 
the adjacent LED lighting device. By contrast, the modified 
example of the manual coordination mode procedure shown 
in FIG. 10 uses as information the communication range of 
the infrared light 20 at the time of operation of the remote 
control unit 6, and is so configured as to control the first light 
emission portion 10 based on the combination of the detec 
tion state of the first human detection sensor 24 at the time of 
operation of the remote control unit 6 and the reception status 
of an infrared-on signal in the first infrared communication 
portion 22. 
When the flow in FIG. 10 starts, as in FIG.9, first, at step 

S122, it is checked whether or not an infrared-on signal based 
on operation of the remote control unit 6 has been received. If, 
at Step S122, no infrared-on signal is detected, an advance is 
made to step S124, where it is checked whether or not a signal 
has been forwarded from another LED lighting device indi 
cating that it has entered the normally on State. This check is 
intended to cope with a lighting status change in a case where 
the remote control unit 6 is operated at a location from where 
the infrared-on signal does not reach the first infrared com 
munication portion 22, and, as will be described later, serves 
to realize a lighting state of the first light emission portion 10 
coordinated with another LED lighting device having entered 
the normally on state by human detection. If, at step S124, 
another LED lighting device is detected to be normally on, an 
advance is made to step S126. Also if, at step S122, an 
infrared-on signal is directly detected, an advance is made to 
step S126. 
At step S126, it is checked whether or not the first human 

detection sensor 24 is detecting a human at the time that the 
remote control unit 6 is operated, and if human detection is 
present, an advance is made to step S128, where the first light 
emission portion 10 is turned normally on. Next, an advance 
is made to step S130, where, for manual coordination, by 
visible light communication via the coordinated channel, a 
signal indicating that the first LED lighting device 2 is nor 
mally on is transmitted to the adjacent LED lighting device, 
and the flow is ended. Step S130 permits the fact that the first 
LED lighting device 2 has entered the on state to be forwarded 
from one device to another to be communicated to an LED 
lighting device located outside the infrared communication 
range of the remote control unit 6. 
On the other hand, if, at step S126, no human detection by 

the first human detection sensor 24 is confirmed, an advance 
is made to step S132. At step S132, it is checked whether or 
not the first light emission portion 10 is normally on at the 
time point that the remote control unit 6 is operated, and if it 
is normally on, an advance is made to step S134, where it is 
checked whether or not the advance from step S126 to step 
S132 has resulted from an infrared-on signal. If it has been 
resulted from an infrared-on signal, that means that the first 
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LED lighting device 2 is located within the infrared commu 
nication range of the remote control unit 6, and thus, although 
no detection by the first human detection sensor 24 is present, 
assuming that the first LED lighting device 2 is located in the 
vicinity of an LED lighting device in the on state, at step S136, 
the first light emission portion 10 is turned weakly on, and the 
flow is ended. 
On the other hand, if, at step S134, it is not detected that the 

advance from step S126 to step S132 has resulted from an 
infrared-on signal, that means that the first LED lighting 
device 2 is located outside the infrared communication range 
of the remote control unit 6, and thus, unless detection by the 
first human detection sensor 24 is present, assuming that no 
LED lighting device is located in the vicinity of the first LED 
lighting device 2, at step S138, the first light emission portion 
10 is turned off, and the flow is ended. 
By contrast, if, at step S132, while no human detection is 

present, it is not detected that the first light emission portion 
10 is normally on, an advance is made to step S140, where it 
is checked whether or not the first light emission portion 10 is 
weakly on. If it is weakly on, an advance is made to step S142, 
where it is checked whether or not the advance from step S126 
to step S140 has resulted from an infrared-on signal. If, at step 
S142, the checked condition is not detected to be met, that 
means that the first LED lighting device 2 is located outside 
the infrared communication range of the remote control unit 
6, and thus, at step S138, the first light emission portion 10 is 
turned off, and the flow is ended. 
On the other hand, if, at step S142, it is detected that the 

advance from the step S126 to step S140 has resulted from an 
infrared-on signal, the flow is immediately ended. In this 
case, weak lighting of the first light emission portion 10 is 
continued. This is because, in a case where the advance from 
the step S126 to step S140 has resulted from an infrared-on 
signal, that means that the first LED lighting device 2 is 
located within the infrared communication range of the 
remote control unit 6. In this case, although no detection by 
the first human detection sensor 24 is present, assuming that 
the first LED lighting device 2 is located in the vicinity of an 
LED lighting device in the on State, weak lighting of the first 
light emission portion 10 is continued as mentioned above. 

If, at step S140, it is not detected that the first light emission 
portion 10 is weakly on, an advance is made to step S144, 
where it is checked whether or not the advance from step S126 
to step S140 has resulted from an infrared-on signal. If the 
checked condition is met, an advance is made to step S146. 
where weak lighting of the first light emission portion 10 is 
started, and the flow is ended. This is because, in that case, 
although no detection by the first human detection sensor 24 
is present, the first LED lighting device 2 may be located in 
the vicinity of an LED lighting device in the on state. On the 
other hand, if at step S144, the checked condition is not 
detected to be met, the flow is immediately ended. In this case, 
the off state of the first light emission portion 10 is continued. 

The various technical features disclosed in the present 
description will be presented below in a comprehensive fash 
1O. 

<First Technical Feature> 
The first technical feature disclosed in the present descrip 

tion provides a lighting device having: a light emission por 
tion; a first reception portion that can receive a first control 
signal from a portable external remote control unit; a second 
reception portion that can receive a second control signal 
from an external lighting device; and a control portion that 
can control the light emission portion based on signals 
received by the first and second reception portions. This 
makes possible illumination coordinated among lighting 
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devices. According to a specific feature, the second control 
signal is a signal that turns on the light emission portion or a 
signal that turns off the light emission portion. 

According to another specific feature, the control portion 
controls the light emission portion based on the signal recep 
tion state of, and the content received by, the first and second 
reception portions. This makes possible various types of coor 
dination according to, for example, the receivability of the 
first control signal depending on the location of the remote 
control unit, or the status of the external lighting device. 

According to another specific feature, the control portion 
turns off the light emission portion when, while the first 
reception portion is receiving no signal, the second reception 
portion receives the second control signal. This makes it 
possible, even when the lighting device is located outside the 
reception range of the first control signal depending on the 
location of the remote control unit, to prevent unnecessary 
lighting and turn off the light emission portion. 

According to another specific feature, the control portion 
controls the light emission portion by either of the first and 
second control signals. This makes it possible, even when the 
lighting device is located outside the reception range of the 
first control signal depending on the location of the remote 
control unit, to turn on or off the light emission portion in a 
coordinated fashion with the external lighting device. 

According to another specific feature, the control portion 
gives priority to the first control signal when the first and 
second control signals are both received and are different 
from each other. This makes it possible, when the lighting 
device is located within the reception range of the first control 
signal depending on the location of the remote control unit, to 
perform control with priority given to the first control signal 
So as to realize control without confusion always with priority 
given to the control of a lighting device located near the 
remote control unit, with a remotely located lighting device 
coordinated with it. 

According to another specific feature, the control portion 
commands forwarding of the second control signal to the 
external lighting device. Thus, the lighting device can control 
its own turning on and off and also control, in a coordinated 
fashion, the external lighting device. According to a more 
specific feature, when the first control signal is a signal that 
turns off the light emission portion, the control portion for 
wards as the second control signal a signal that turns off the 
light emission portion to the external lighting device. On the 
other hand, when the first control signal is a signal that turns 
on the light emission portion, the control portion commands 
forwarding of, as the second control signal a signal that turns 
on the light emission portion to the external lighting device. 

According to another more specific feature, when the first 
control signal from the remote control unit is a signal that 
turns on the light emission portion, the control portion com 
mands forwarding of as the second control signal, a signal 
that turns off the external lighting device. Thus, when a light 
ing device near the remote control unit is turned on, a remote 
external lighting device located outside the reception range of 
the remote control unit can be turned off in a coordinated 
fashion, and thus the lighting devices can be controlled appro 
priately according to the location of the remote control unit. 

According to another more specific feature, in response to 
receipt by the second reception portion of the second control 
signal, the control portion commands its forwarding to the 
external lighting device. Thus, coordination can be made to 
take place in Succession. For example, a large number of 
lighting devices arranged over a large area can be coordinated 
in a successive fashion. 
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According to another specific feature, the second control 
signal is transferred from the external lighting device on a 
wireless basis. According to a still more specific feature, the 
second control signal is contained in the illumination light of 
the external lighting device. According to a more specific 
feature, the control portion controls the light emission portion 
to transfer the second control signal to the external lighting 
device. 

According to another more specific feature, the second 
control signal is transferred from the external lighting device 
on a wired basis. According to a more specific feature, the 
second control signal is transferred from the external lighting 
device by power line communication. 
<Second Technical Feature> 
The second technical feature disclosed in the present speci 

fication provides a lighting device having: a light emission 
portion; a human detection sensor; a reception portion that 
receives information from an adjacent lighting device; and a 
control portion that controls the lighting state of the light 
emission portion according to the human detection sensor and 
the information received by the reception portion. This makes 
possible control based on the human detection sensor and 
coordinated with the adjacent lighting device. 

According to a specific feature, while no human detection 
by the human detection sensor is present, when the reception 
portion receives information to the effect that the adjacent 
lighting device has been turned on, the control portion makes 
the light emission portion emit light preliminarily. This 
makes possible Smooth lighting control according to human 
movement detected by the human detection sensor. 

According to a more specific feature, the above-mentioned 
preliminary light emission is light emission with weaker light 
than in the normally on state. Thus, in a state where the 
adjacent lighting device is on, it is possible to prepare for 
future turning on expected to be triggered by the human 
detection sensor. 

According to another specific feature, while the light emis 
sion portion is emitting light, when human detection by the 
human detection sensor becomes absent, if the reception por 
tion is receiving information to the effect that the adjacent 
lighting device is on, the control portion makes the light 
emission portion continue light emission. Thus, it is possible 
to cope with situations where, for example, a person moves 
into the vicinity of the adjacent lighting device and immedi 
ately returns, that is, to prevent such a momentary human 
movement from causing the lighting state to change rest 
lessly. 

According to a more specific feature, during the above 
mentioned continuation of light emission by the light emis 
sion portion, when no human detection by the human detec 
tion sensor is present for a predetermined time or longer, the 
control portion stops the continued light emission by the light 
emission portion. Thus, it is possible to realize reasonable 
continuation of light emission by the light emission portion. 

According to a more specific feature, in the above-de 
scribed configuration, the control portion stops continuation 
oflight emission by the light emission portion in the normally 
on State and Switches it to light emission with weaker light 
than in the normally on state. This makes Smoother lighting 
control possible. 

According to another specific feature, during light emis 
sion by the light emission portion, when human detection by 
the human detection sensor becomes absent, the control por 
tion Switches to light emission with weaker light than in 
normally on state. This make it possible to more Smoothly 
cope with a change in situation thereafter. 
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According to a more specific feature, during light emission 

by the light emission portion, when human detection by the 
human detection sensor becomes absent, if the reception por 
tion does not receive information to the effect that the adja 
cent lighting device is on, the control portion effects the 
above-mentioned Switch to light emission with weaker light 
than in normally on state. Through coordination with the 
adjacent lighting device, it is possible to more appropriately 
control light emission with weak light. 

According to a more specific feature, when there is no 
human detection by the human detection sensor for a prede 
termined time or longer, the control portion stops the above 
mentioned continuation of light emission with weaker light 
than in the normally on state. This makes it possible to rea 
sonably realize continuation of light emission by the light 
emission portion with weak light. 

According to another feature, a lighting device is provided 
that has: a light emission portion; a reception portion that 
receives information from an adjacent lighting device; and a 
control portion that makes the light emission portion emit 
light according to the information received by the reception 
portion. This makes possible effective coordination with the 
adjacent lighting device. According to a specific feature, 
according to the information received by the reception por 
tion, the control portion makes the light emission portion emit 
light with weaker light than in the normally on state. 
<Third Technical Feature> 
The third technical feature disclosed in the present speci 

fication provides a lighting device having: a light emission 
portion; a human detection sensor, a control signal reception 
portion that receives a control signal; and a control portion 
that controls the lighting state of the light emission portion 
based on the human detection state of the human detection 
sensor at the time point that the control signal reception 
portion receives the control signal. 

Thus, each time a control signal is received, according to 
the human detection state, refreshing to an appropriate light 
ing state is effected. According to a specific feature, until the 
control signal reception portion newly receives a control sig 
nal, the control portion maintains the previous control state. 

According to another specific feature, the control signal 
reception portion receives a control signal from an external 
remote control unit. Thus, by remote control operation, 
refreshing to an appropriate lighting state is possible accord 
ing to the human detection state. According to a more specific 
feature, when a control signal from the external remote con 
trol unit is received and in addition human detection by the 
human detection sensor is present, the control signal recep 
tion portion turns the light emission portion normally on. 
According to another more specific feature, when a control 
signal from the external remote control unit is received and in 
addition human detection by the human detection sensor is 
absent, the control signal reception portion turns the light 
emission portion weakly on. Thus, with respect to a lighting 
device located within the communication range of the control 
signal of the external remote control unit, it is possible to 
change between normal lighting and weak lighting based on 
the human detection state according to remote control opera 
tion. 

According to another specific feature, the control signal 
reception portion receives a control signal from another exter 
nal lighting device. This makes possible refreshing of the 
lighting state coordinated with the lighting State in the exter 
nal other lighting device. Thus, for example even when a 
lighting device is outside the communication range of the 
external remote control unit, it is possible to turn off the 
lighting device, for example, in a coordinated fashion with 
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turning on of another lighting device. According to a more 
specific feature, the control signal reception portion receives 
from the external other lighting device a control signal which 
is a control signal forwarded from the external remote control 
unit. 

According to another specific feature, the control signal 
reception portion receives lighting information of an external 
other lighting device, and the control portion controls the 
lighting state of the light emission portion based on the human 
detection state of the human detection sensor and the lighting 
information of the external other lighting device received by 
the control signal reception portion. This makes possible 
lighting control based on reception of the control signal and 
coordinated with the external other lighting device. Accord 
ing to a more specific feature, when no human detection by 
the human detection sensor is present and in addition the 
external other lighting device is normally on, the control 
signal reception portion turns the light emission portion 
weakly on. According to another more specific feature, when 
no human detection by the human detection sensor is present 
and in addition the external other lighting device is not nor 
mally on, the control signal reception portion turns off the 
light emission portion. 

According to another specific feature, the lighting device 
further includes a signal transmission portion that transmits 
the lighting State of the light emission portion to an external 
other lighting device. This makes possible coordination with 
the external other lighting device according to changes in the 
lighting state. 

According to another specific feature, the control portion 
has a plurality of control modes, and includes a signal trans 
mission portion that transmits information on the control 
mode adopted by the control portion to the external other 
lighting device. According to a more specific feature, one of 
the plurality of control modes is a mode where the lighting 
state of the light emission portion is controlled based on the 
human detection state of the human detection sensor at the 
time point that the control signal reception portion receives a 
control signal, and in another of the plurality of control 
modes, the control portion controls the lighting state of the 
light emission portion at the time point that a change occurs in 
the human detection state of the human detection sensor. 
According to a still more specific feature, the signal transmis 
sion portion controls the lighting State of the light emission 
portion, and transmits a signal to the external other lighting 
device by visible light from the light emission portion. 

According to another feature, a lighting device is provided 
that has: a light emission portion; a control portion that con 
trols the lighting state of the light emission portion and that 
has a plurality of control modes; a reception portion that 
receives a control signal that determines the control mode; 
and a signal transmission portion that transmits information 
on the control mode adopted by the control portion to an 
external other lighting device. This makes possible coordina 
tion among a plurality of lighting devices having a plurality of 
control modes without confusion of the control mode. 
According to a specific feature, the lighting device further has 
a human detection sensor, and one of the plurality of control 
modes is a mode where the lighting state of the light emission 
portion is controlled based on the human detection state of the 
human detection sensor at the time point that the control 
signal reception portion receives a control signal, and another 
of the plurality of control modes is a mode where the lighting 
state of the light emission portion is controlled at the time 
point that a change occurs in the human detection state of the 
human detection sensor. 
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According to another feature, a lighting device is provided 

that has: a light emission portion; a control signal reception 
portion that receives a control signal; a control portion that 
controls the lighting state of the light emission portion based 
on the control signal received by the control signal reception 
portion; and a signal transmission portion that transmits the 
lighting state of the light emission portion to an external other 
lighting device. This makes possible reliable coordination 
among a plurality of lighting devices. According to a specific 
feature, the control signal reception portion receives from an 
external remote control unit a control signal with a limited 
reachable range. In Such a case, the above-mentioned feature 
allows coordination with a lighting device located outside the 
reachable range of the control signal of the external remote 
control unit, and makes it possible, for example when the 
lighting device is turned on by remote control operation, to 
turn offin a coordinated fashion the lighting device located 
outside the reachable range of the control signal of the remote 
control unit. According to a more specific feature, until the 
control signal reception portion newly receives a control sig 
nal, the control portion maintains the previous control state. 

According to another feature, a lighting system is provided 
that includes a plurality of lighting devices having various 
features as described above. Any one or combination of the 
various features described above makes it possible to coordi 
nate the lighting devices provided within the lighting system 
as necessary. 

INDUSTRIAL APPLICABILITY 

The present invention finds application in lighting devices 
for use in comparatively large rooms and facilities, for 
example in factories and offices. 

LIST OF REFERENCE SIGNS 

10, 110, 210,310,410,510 light emission portion 
24, 124 human detection sensor 
22, 122, 222, 322, 422, 522, 26, 126, 226, 326, 426, 526 

control signal reception portion (first reception portion, 
second reception portion) 

14, 114 control portion 
6 remote control unit 
10, 110, 210, 310, 410,510 control signal transmission por 

tion 
10, 110, 210, 310, 410,510 signal transmission portion 
The invention claimed is: 
1. A lighting device comprising: 
a light emission portion for emitting illumination light; 
an information reception portion for receiving information 

from an adjacent lighting device; 
a control signal reception portion operable to receive a 

control signal from a portable external remote control 
unit with a limited reachable range; and 

a control portion for controlling lighting state of the light 
emission portion according to the information received 
by the information reception portion and according to 
the control signal received by the control signal recep 
tion portion, 

wherein the control portion is arranged to turn on the light 
emission portion in response to the control signal within 
the limited reachable range and received by the control 
signal reception portion, and to turn off the light emis 
sion portion in response to the information received by 
the information reception portion, the information being 
indicative of a turn-on of the adjacent lighting device in 
response to the portable external remote control unit 
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which has been brought out of the limited reachable 
range of the control signal reception portion and into the 
limited reachable range of the adjacent lighting device 
instead. 

2. The lighting device according to claim 1, further com 
prising an information transmission portion for transmitting 
the information received by the information reception portion 
to another adjacent lighting device. 

3. The lighting device according to claim 1, wherein until 
the control signal reception portion newly receives a control 
signal, the control portion maintains previous control state. 

4. A lighting system comprising a plurality of the lighting 
devices according to claim 1. 

5. The lighting device according to claim 1, 
wherein the control portion is further arranged to turn off 

the light emission portion in response to the control 
signal from the portable external remote control unit 
within the limited reachable range. 

6. The lighting device according to claim 1 further com 
prising a human detection sensor arranged to detect a pres 
ence of a person within a detection range, wherein the control 
portion is arranged to control the lighting state of the light 
emission portion further according to the human detection 
SSO. 

7. A lighting device comprising: 
a light emission portion for emitting illumination light; 
a human detection sensor arranged to detect a presence of 

a person within a detection range; 
a control signal reception portion that can receive a control 

signal from a portable external remote control unit; and 
a control portion for controlling lighting State of the light 

emission portion based on the control signal received by 
the control signal reception portion and human detection 
state of the human detection sensor, 

wherein the control portion is arranged to turn on the light 
emission portion in response to the control signal 
received by the control signal reception portion if the 
human detection sensor detects the presence of the per 
son, and not to turn on the light emission portion in 
response to the control signal received by the control 
signal reception portion if the human detection sensor 
does not detect a presence of a person, whereby the 
control portion does not respond to the control signal 
received from the remote control unit unless the human 
detection sensor detects a presence of a person within a 
detection range. 

8. The lighting device according to claim 7 further com 
prising an information transmission portion for transmitting 
information, wherein 

the information is contained in illumination light of the 
light emission portion, and 

the information transmission portion controls the light 
emission portion to forward the information signal to an 
adjacent lighting device. 

9. The lighting device according to claim 7 further com 
prising an information reception portion for receiving infor 
mation from an adjacent lighting device, 

wherein the information is received from the adjacent 
lighting device by power line communication. 

10. The lighting device according to claim 7 further com 
prising an information reception portion for receiving infor 
mation from an adjacent lighting device, the control portion 
being arranged to control the lighting state of the light emis 
sion portion further based on the information, wherein 

while no human detection by the human detection sensor is 
present, when the information reception portion receives 
information indicating that the adjacent lighting device 
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has been turned on, the control portion makes the light 
emission portion emit light with light weaker than in a 
normally on State. 

11. The lighting device according to claim 7 further com 
prising an information reception portion for receiving infor 
mation from an adjacent lighting device, wherein 

while the light emission portion is emitting light, when 
human detection state detected by the human detection 
sensor ceases to be present, if the information reception 
portion has received information indicating that the 
adjacent lighting device is on, the control portion makes 
the light emission portion continue light emission. 

12. The lighting device according to claim 7, wherein until 
the control signal reception portion newly receives a control 
signal, the control portion maintains previous control state. 

13. The lighting device according to claim 7 further com 
prising an information reception portion for receiving infor 
mation from an adjacent lighting device. 

14. The lighting device according to claim 7 further com 
prising an information transmission portion for transmitting 
information, wherein the control portion has a plurality of 
control modes, and wherein the information transmission 
portion is arranged to transmit information of a control mode 
adopted by the control portion to an external other lighting 
device. 

15. The lighting device according to claim 14, wherein 
one of the plurality of control modes is a mode where the 

lighting state of the light emission portion is controlled 
based on the human detection state of the human detec 
tion sensor at a time point that the control signal recep 
tion portion receives a control signal, and 

in another of the plurality of control modes, the control 
portion controls the lighting state of the light emission 
portion at a time point that a change occurs in the human 
detection state of the human detection state. 

16. The lighting device according to claim 14, wherein the 
information transmission portion controls the lighting state of 
the light emission portion so as to transmit the information to 
the external other lighting device by use of visible light from 
the light emission portion. 

17. A lighting system comprising a plurality of the lighting 
devices according to claim 7. 

18. A lighting system including a plurality of lighting 
devices comprising: 

a first lighting device including a first light emission por 
tion for emitting illumination light, a first information 
reception portion for receiving information from an 
adjacent lighting device, a first control signal reception 
portion that can receive a control signal from a portable 
external remote control unit with a limited reachable 
range and a first control portion for controlling lighting 
state of the first light emission portion according to the 
information received by the first information reception 
portion and by the control signal received by the first 
control signal reception portion; and 

a second lighting device including a second light emission 
portion for emitting illumination light, a second infor 
mation reception portion for receiving information from 
the first lighting device, a second control signal recep 
tion portion that can receive a control signal from the 
portable external remote control unit and a second con 
trol portion for controlling lighting state of the second 
light emission portion according to the information 
received by the second information reception portion 
and by the control signal received by the second control 
signal reception portion, 
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wherein the first control portion is arranged to turn on the 
first light emission portion in response to the control 
signal within the limited reachable range and received 
by the first control signal reception portion, and 

wherein the second control portion is arranged to turn off 5 
the second light emission portion in response to the 
information received by the second information recep 
tion portion, the information being indicative of the turn 
on of the first lighting device in response to the portable 
external remote control unit which is out of the limited 
reachable range to the second control signal reception 
portion. 

19. A lighting system according to claim 18, 
wherein the second control portion is further arranged to 

turn on the second light emission portion in response to 
the control signal within the limited reachable range and 
received by the second control signal reception portion, 
the portable external remote control unit having been 
brought into the limited reachable range to the second 
control signal reception, and 
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wherein the first control portion is further arranged to turn 

off the first light emission portion in response to the 
information received by the first information reception 
portion, the information being indicative of the turn-on 
of the second lighting device in response to the portable 
external remote control unit which has been brought out 
of the limited reachable range to the first control signal 
reception portion. 

20. A lighting system according to claim 19, 
wherein the first control portion is further arranged to turn 

off the first light emission portion in response to the 
control signal from the portable external remote control 
unit within the limited reachable range, and 

wherein the second control portion is further arranged to 
turn off the second light emission portion in response to 
the control signal from the portable external remote 
control unit within the limited reachable range. 
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